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Conversion Factors and Datums

Multiply By To obtain
Length
inch (in.) 2.54 centimeter (cm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
yard (yd) 09144 meter (m)
Area

acre 4,047 square meter (m?)
acre 0.4047 hectare (ha)
acre 0.004047 square kilometer (km?)
square foot (ft?) 0.09290 square meter (m?)
square mile (mi?) 259.0 hectare (ha)
square mile (mi?) 2.590 square kilometer (km?)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:
°F=(1.8x°C)+32

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).
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An Inventory of Terrestrial Mammals at National Parks
in the Northeast Temperate Network and Sagamore Hill

National Historic Site

By Andrew T. Gilbert, Allan F. 0’Connell, Jr., Elizabeth M. Annand, Neil W. Talancy, John R. Sauer,

and James D. Nichols

Abstract

An inventory of mammals was conducted during 2004 at
nine national park sites in the Northeast Temperate Network
(NETN): Acadia National Park (NP), Marsh-Billings-Rock-
efeller National Historical Park (NHP), Minute Man NHP,
Morristown NHP, Roosevelt-Vanderbilt National Historic Site
(NHS), Saint-Gaudens NHS, Saugus Iron Works NHS, Sara-
toga NHP, and Weir Farm NHS. Sagamore Hill NHS, part of
the Northeast Coastal and Barrier Network (NCBN), was also
surveyed. Each park except Acadia NP was sampled twice,
once in the winter/spring and again in the summer/fall. During
the winter/spring visit, indirect measure (IM) sampling arrays
were employed at 2 to 16 stations and included sampling by
remote cameras, cubby boxes (covered trackplates), and hair
traps. IM stations were established and re-used during the
summer/fall sampling period. Trapping was conducted at 2 to
12 stations at all parks except Acadia NP during the summer/
fall period and consisted of arrays of small-mammal traps,
squirrel-sized live traps, and some fox-sized live traps. We

used estimation-based procedures and probabilistic sampling
techniques to design this inventory. A total of 38 species was
detected by IM sampling, trapping, and field observations.
Species diversity (number of species) varied among parks,
ranging from 8 to 24, with Minute Man NHP having the most
species detected. Raccoon (Procyon lotor), Virginia Opossum
(Didelphis virginiana), Fisher (Martes pennanti), and Domes-
tic Cat (Felis silvestris) were the most common medium-sized
mammals detected in this study and White-footed Mouse
(Peromyscus leucopus), Northern Short-tailed Shrew (Blarina
brevicauda), Deer Mouse (P. maniculatus), and Meadow Vole
(Microtus pennsylvanicus) the most common small mammals
detected. All species detected are considered fairly common
throughout their range including the Fisher, which has been
reintroduced in several New England states. We did not detect
any state or federal endangered or threatened species.

Introduction

In 1999, the National Park Service (NPS) established
a national strategy to institutionalize both inventory and
monitoring of vertebrates and vascular plants so that science-
based decisions could be made to protect and effectively
manage park resources and in doing so created the Inven-
tory and Monitoring (I&M) Program (National Park Service,
1999b). One aspect of the NPS 1&M Program requires
inventories to document occurrence (presence-absence) and,
under certain circumstances, the abundance and distribution
of vertebrates and vascular plant populations that occur within
NPS boundaries (National Park Service, 1999a). As part of
this effort, the U.S. Geological Survey (USGS), in cooperation
with the NPS, conducted a baseline inventory of terrestrial
mammals at nine parks (Acadia National Park (NP), Marsh-
Billings-Rockefeller National Historical Park (NHP), Minute
Man NHP, Morristown NHP, Roosevelt-Vanderbilt National
Historic Site (NHS), Saint-Gaudens NHS, Saugus Iron Works
NHS, Saratoga NHP, and Weir Farm NHS) in the Northeast
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Temperate Network (NETN) (Johnson and others, 2000) and
Sagamore Hill NHS (fig. 1), a park located in the Northeast
Coastal and Barrier Network (NCBN); hereafter, all study sites
are referred to as project parks. Previous research on mam-
mals had been conducted at some of these project parks, but
these efforts were typically limited in scope, focusing on either
individual species or issues of management concern to the
NPS. With the exception of Acadia NP in Maine, quantitative
information on mammals throughout the NETN and Saga-
more Hill generally is lacking (Johnson and others, 2000).
Nevertheless, mammals play an important role in most natural
systems (Mech, 1996), and knowledge about the mammalian
fauna found in national parks will allow managers to more
effectively protect and, if the need arises, manage natural
resources within NPS boundaries.

This report presents the results of an inventory of
mammals conducted during 2004 at 10 national parks in the
northeastern United States, describes the sampling methods
used, discusses the results with respect to species that were
expected but not detected and endangered and threatened
species, and provides a list of historical voucher specimens for
each park.

Goals and Objectives

The goal of this project is to help the NPS document 90
percent of the terrestrial mammal species expected to occur
within project park boundaries at nine parks in the NETN and
Sagamore Hill NHS (table 1). Based on a review of taxo-
nomic and geographic references, 65 terrestrial mammal and
bat species theoretically could occur in project parks (Godin,
1977; Degraff and Rudis, 1986; Whitaker and Hamilton,
1998). This number does not include marine mammals or
terrestrial mammals extinct for more than 50 years in the
region (for example, Woodland Caribou (Rangifer tarandus
caribou), Mountain Lion (Puma concolor)). The specific
objectives of this project were to (1) inventory terrestrial
mammals by direct (trapping and incidental observations)
and indirect (remote photography, tracks, and hair) means,
(2) determine the distribution of mammals by vegetation
community type surveyed, and (3) collect voucher specimens
of mammals from each park.

Physiography and Climate

Project parks in this study, with the exception of Aca-
dia NP, are small and do not contain large areas of signifi-
cant natural resources. Like most natural areas in the highly
urbanized northeastern United States, they are part of larger
ecological communities that can greatly influence resources
within park boundaries. Nevertheless, these parks can still
be important reservoirs of biodiversity (Mitchell and others,
2006). Project parks occur within three major temperate eco-

system provinces as described in the U.S. National Vegetation
Classification (fig. 1; Mitchell and others, 2006). Acadia

NP is the only park that falls within the Laurentian mixed
forest class, a transitional region between the boreal forest

to the north and the broadleaf deciduous forest to the south
(McMahon, 1990). Acadia NP is unique in this region in that

it contains substantial relief in a region generally dominated
by low relief. The mountains of Acadia NP are famous and
give the park its rugged beauty. Lakes and ponds are common
on the landscape, as are many wetland types, including bogs,
fens, and graminoid wetlands. The climate of Acadia NP is
“cool, moist and maritime” (Patterson and others, 1983). Mean
daytime temperatures range from O °C in January to 22 °C in
July and nighttime temperatures range from -10 °C in January
to 14 °C in July (National Park Service, 2006). Precipitation
occurs throughout the year, averaging 135 cm of rain and

156 cm of snow (National Park Service, 2006), with maximum
precipitation occurring in summer (Bailey, 1995a).

The Adirondack-New England mixed forest ecoregion is
similar to the Laurentian mixed forest, with the exception that
much greater vertical relief results in greater variation among
forest types by elevation. The characteristics of this region
are driven largely by the dramatic topography of rugged
mountains and broad valleys, a feature of a glacially active
past. Lakes, ponds, and wetlands in general are also impor-
tant in this region, but are not major components of MABI
or SAGA. Small ponds are present at MABI (the Pogue) and
SAGA (Blow-Me-Down Pond), as well as some small wetland
areas, but they are not dominant landscape features. Climate
is similar to that of the Laurentian mixed forest, except that
precipitation tends to be more evenly distributed throughout
the year (Bailey, 1995b).

Seven project parks are found in the eastern broadleaf
forest ecoregion: MIMA, MORR, ROVA, SAHI, SAIR,
SARA, and WEFA. The topography in this region is varied,
but is characterized as coastal plain in the east, with elevations
to 300 m. Wetlands are limited in this region, but are more
common in the north where glaciers have been active and
where larger rivers or streams, such as the Hudson River
(SARA) and the Concord River (MIMA), are located. Climate
here is continental, with cold winters and warm summers.
Precipitation is greatest in the summer (Bailey, 1995c).

Fields are an important feature of six of the seven eastern
broadleaf forest parks (SAIR being the exception). The
existence of fields in this region is a result of deforestation for
farming during the 18" and 19" centuries, with peak deforesta-
tion occurring during 1820—-1880 (Litvaitis, 1993), prior to the
formal establishment of the parks. Land cleared for farming or
logging is rapidly reverting to forest or becoming suburban-
ized (Foster, 1992; Litvaitis, 1993; Smith and others, 1993);
in either case, the future existence of fields in this region is
threatened by these processes.

At ACAD and SAHI, marine community types represent
a substantial proportion of the natural resources and play an
important role for marine organisms and other species that use
the coastal community type.
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Historical Research, Surveys, and Inventories
of Mammals

Research, surveys, or inventories of mammals are limited
for project parks except Acadia NP, where a number of proj-
ects have been conducted since the 1980s. The scope of work
varies widely and, although a few general inventories have
been conducted, investigations focusing on a single species or
species group are more common as a result of NPS manage-
ment needs. Notable studies at ACAD include inventories of
terrestrial mammals and bats on Schoodic Peninsula (Glanz
and Connery, 1999) and Isle au Haut (Cole, 1993) and research
on carnivores (Harrison, 1989; Winter, 1990) and small mam-
mals (Garman, 1991; Hazen and others, 1992; O’Connell
and others, 2001) on Mount Desert Island (MDI). Among the
other project parks, bat surveys have been conducted at MABI
(Reynolds and McFarland, 2001) and MORR (Pipliski, 2002),
and deer have been studied in several parks including MORR
(Christie and Sayre, 1989; Underwood, 1997) and SARA
(Underwood and others, 1994). Small mammals have been
documented at SARA (Steblein and Mathews, 1987), ROVA
(Steadman, 1991), and SAGA (Cook, 1985) to varying extents.
Mammals were inventoried during the 1980s at SAGA as part
of a larger effort to document vertebrates and other important
resources (Cook, 1985). No prior studies of mammals have
been conducted at SAHI, SAIR, or WEFA.

Mammal specimens have been collected by both
scientists and lay people within the project parks and
surrounding region since the 1800s. These specimens repre-
sent an important historical record of the mammalian fauna
in the respective parks. Recently, voucher specimen data for
vertebrates and vascular plants collected in or near north-
eastern national parks were gathered from natural history
collections throughout North America and Europe (Gilbert
and O’Connell, 2004; O’Connell and others, 2004). Mammal
specimens were found for most parks. In some cases, these
specimens may be the only record of historical biodiversity for
that species for the project park or region. This type of infor-
mation may be valuable for assessing historical changes and
the current ecological condition of park resources.

Methods

Approach to Inventory Design

Biological inventories are fundamental surveys that
generate presence or absence information about a species from
a collection of sampling units (MacKenzie and others, 2006)
and often serve as the first step in assessing biodiversity. Over
the last decade there has been growing international inter-
est in biological inventories followed by the development of
monitoring programs as a way to track changes in populations

(Buckland and others, 2005). All too often, however, programs
are implemented without considering the fundamental
questions that surround detecting change (Yoccoz and others,
2001; Nichols and Williams, 2006). Accurate, science-based
inventories can provide a foundation for credible monitoring
programs, but scientists, practitioners, and administrators must
realize that detecting change is difficult and requires the use
of robust analytical procedures (Field and others, 2007). To
provide a science-based, credible foundation for long-term
monitoring we designed these inventories using estimation-
based procedures (Goebel and Baker, 1982; Boulinier and
others, 1998; Nichols and others, 1998) and probabilistic
sampling methods that will allow future studies and surveys to
easily resample should they choose to do so.

Inventories of an entire class of animals are difficult to
achieve in a single project. The Class Mammalia includes
nearly 5,000 species, more than 100 of which can be found
in the eastern United States (Whitaker and Hamilton, 1998).
Even the simple documentation of this number of species
at multiple sites requires substantial resources. Inventories,
surveys, or research are commonly initiated for threatened
or endangered mammals or large species of public inter-
est, but generic inventories rarely receive the attention and
commitment that are necessary to ensure adequate sampling of
all species groups in all major community types. Inadequate
or convenience sampling (for example, one or two cameras,
collection of road kill carcasses) provides only limited results
that are not true inventories in that they do not completely
sample the target population in a study area. To sample multi-
ple species we used an array of devices that could be deployed
simultaneously (O’Connell and others, 2006; Nichols and
others, 2008). This approach minimized both effort and cost,
two factors that commonly limit the amount of information
that can be collected.



We chose occupancy (occurrence) as our state vari-
able because occupancy met the inventory goals of the NPS
1&M Program to document terrestrial mammals that inhabit
our study areas. Additionally, we designed our inventory to
accommodate both spatial variability and detection issues in
future monitoring efforts. Meaningful estimates of detect-
ability could have been generated from our data but were
beyond the scope of this work (see MacKenzie and others,
2002; 2003; 2006; and Royle and Nichols, 2003, for examples
and a review of the topic). If long-term monitoring programs
are needed to track changes in populations over time and (or)
space, appropriate design considerations can be used to allo-
cate samples and effort (Pollock and others, 2002; MacKenzie
and Royle, 2005; O’Connell and others, 2006). Specific
methods used in this study are provided below.

Spatial Sampling Design and Sampling-Point
Allocation

We implemented a stratified random-start systematic
sampling design at all project parks. This design has the
benefit of being spatially balanced and relatively easy to
implement (Geissler and McDonald, 2003), and stratification
makes certain that spatially limited (rare) community types are
sampled. Sampling-point allocation followed the methodology
specified by Geissler and McDonald (2003) for use in NPS
inventory and monitoring projects (Fancy, 2000).

We developed two programs using ArcObjects for
ArcGIS 8.3 to automate sampling-point generation. The first
program generated a grid of specified size and random origin
(app- A). The second program identified all cells in the stratum
of interest and systematically drew sampling points based on
the specified number of points desired (app. B). Strata were
assigned outside ArcGIS using Microsoft Excel spreadsheet
functions and imported back to the grid to be used by the
second program (app. C).

Stratification

We defined strata by major vegetative community types
(hereafter these are referred to as community types), wetlands,
and riparian areas, resulting in a distribution of sampling
points among all major community types, except at ACAD,
where sampling points were confined to selected strata based
on consultation with park staff. We imported spatial data
layers (table 2) into a geographic information system (GIS)
database using ArcGIS 8.3 (Environmental Systems Research
Institute (ESRI), Inc., Redlands, Cal.). We digitized aerial
photographs when vegetation cover maps were unavailable for
a park and updated older vegetation cover maps by digitizing
more current aerial photography. We buffered streams by 20
m on each side to adequately sample riparian areas. Riparian
areas were not generated for ACAD (because they were not
a community type of interest) or for MIMA (because stream
data were unavailable).

Methods 7

Systematic Sampling Scheme

We used a sampling method that divided each park into
grid cells (25-100 m on a side) to which we assigned strata
(fig. 2). First, a 100-m grid was generated for each park,
except SAIR (25 m) and WEFA (50 m). We used the boundary
of each park as the limit of the sampling area for which we
generated the grid cells. The program randomly placed a grid
of cells beginning at the southwest corner of the map extent
and proceeding toward the northeast corner. Initial randomiza-
tion was achieved by randomly locating the lower left corner
of the grid within one cell length (25-100 m) in both N-S and
E-W directions. A dense grid of cells was created to cover the
smallest rectangle that could contain the park (map extent), but
only those cells whose centers were within the park boundary
were kept.

Next, we assigned each grid cell a stratum type based on
the majority proportion (by area) of all strata within each grid
cell. To do this, we performed a clipping operation in ArcMap
that divided all strata into small polygons within each grid
cell. We exported the area data created by this operation in
ArcMap to Microsoft Excel to calculate the percentage of each
stratum in every grid cell. A simple formula was used to deter-
mine the stratum having the largest proportion in each grid
cell and assign these results to the grid cells. The results from
Microsoft Excel were imported back into ArcMap to be used
by the second program for generating systematic sampling
points.

The sampling program generated systematic sampling
points for each stratum based on the number of grid cells in
each stratum and the number of sampling points desired. The
program implemented a systematic design by first dividing the
total number of grid cells assigned to a stratum by the number
of sampling points required. We denote this value as the sam-
pling frame length. Next, the program selected a random start-
ing cell between cell 1 and the length of the sampling frame.
Finally, points were placed beginning at the sampling frame
length and at grid cells every frame length until all desired
sampling points were assigned.

For example, in figure 3 the conifer stratum (dark green)
was assigned to 26 cells and we required seven sampling
points to be drawn for the conifer stratum, resulting in a
sampling frame length of 3.7 (26/7). Therefore, a sampling
point would be placed every 3.7 cells, beginning with a
random starting cell between 1 and 4. The program progresses
geographically cell to cell from southwest to northeast across
the map so that proper spacing is maintained among all points.

Assigning Sampling Points

We assigned two indirect measure (IM) stations (each
station includes a camera, two hair traps, and two trackplates)
(O’Connell and others, 2006) and two trapping stations for
each pre-determined stratum or up to the maximum number of
grid cells in a stratum. Initially, we planned to sample in four
seasons and rotate equipment to different sampling locations
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Methods 9

1. Place a dense grid of cells
over the park.

2. Determine the major strata type
within each cell to assign each cell to
a stratum.

3. Systematically choose cells for each
sampled stratum and within each cell
place a random point.

Figure 2. Steps used to select sampling points for the 2004 mammal inventory using a grid system, vegetation strata, and random point
placement.
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1. Cells are numbered sequentially for each
stratum progressing frrom the southwest
corner of the park to the northeast corner.

2. The sampling frame is calculated:

= (# cells / # sampling points)

Example: 26 cells /7 sampling points = 3.7 cells/sampling point

3. Sampling points are assigned to the cell encountered at the end of the frame, beginning
with a random starting cell and progressing every 3.7 cells until all 7 sampling points are assigned.

Random Second cell Third cell Fourth cell
starting cell selected selected selected

F 3.7 cells + 3.7 cells + 3.7 cells —>+

Figure 3. Steps used to calculate the sampling frame and assign sampling points for the 2004 mammal inventory.




each season, resulting in a total of 16 locations for each stra-
tum (four stations per season times four seasons). We reduced
the number of sampling sessions to two and also decided to
keep equipment in the same location for both sampling ses-
sions because of time constraints. Therefore, although we gen-
erated as many as 16 sampling points per stratum, we actually
used no more than 4. We systematically chose sets of 4 points
from the 16 by selecting every fourth station (for example, 1,
5,9, 13) and using a set of four as the basis for sampling.

Occasionally, we were unable to generate 16 sampling
points because fewer than 16 grid cells were assigned to a
stratum. However, because we used only four sampling points,
this typically was not a problem unless the program gener-
ated fewer than four sampling points. In several instances,
the program assigned fewer than four grid cells to a stratum
and, consequently, that stratum had fewer than the maximum
of four stations. The two trapping and two IM stations were
randomly assigned to the four sampling points. We sometimes
used one of the other 12 unused sampling points if we
encountered a site where it was impossible to locate equip-
ment because of concerns about the security of equipment and
(or) visitor disruption. In these instances, we used the next
closest point. In some parks, the number of trapping stations
was reduced to less than the full sampling regime (two per
stratum) because we could not logistically maintain more than
12 trapping stations per park. In these instances, we made sure
to include at least one station in each stratum and randomly
determined in which strata to place additional sets of trapping
equipment.

We used the true (geographic) location of sampling points
as designated by the sample selection program, but in some
cases the program placed points outside the target commu-
nity type (stratum). First, as previously noted, we assigned
a community type to a grid cell if it constituted the majority
percentage of the community in that cell. Nevertheless, there
were often other community types within a cell and, because
sampling-point allocation was random within the grid cell and
not the community, the community type where the sampling
point was located may have been different than that originally
assigned to the cell. Using smaller grid-cell sizes minimized
this discrepancy, but did not eliminate it. Second, community
type features were sometimes misidentified on the digital map
layer. In either case, we did not reassign sampling points.

Once on site, we recorded the community type for the
location of each IM device and trap line. This community
type classification was sometimes different from the stratum
designation because of the reasons described above. Thus,
we determined species-community type associations using
classifications recorded from the locations of each detec-
tion device (trackplate, cubby box, remote camera) in our
sampling array and not prior stratum designation or general
station information. Although this method frequently resulted
in unequal sampling effort in different community types, we
believe linking species presence with local community type
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was the most accurate. We did not add sampling points to
account for this inequity.

Locating Sampling Points

We located sampling points by global positioning system
(GPS) to within 10 to 30 m of the true location (typical accu-
racy of handheld GPS). For IM stations, the remote camera
location became the sampling point and we oriented all other
devices in a circular fashion around that point (see fig. 4 for
details). In a few cases, where the sampling point was close to
the project park boundary and the cubby box or hair trap fell
outside the boundary, we placed either device at the gener-
ated sampling point. Under such circumstances, we arranged
the remainder of the sampling equipment within the boundary
as described above. If the point fell outside the park bound-
ary, we relocated the point to just within the boundary and
arranged the sampling equipment as described above. We gave
all cameras, cubby boxes, and hair traps a unique location
identifier and located each device with a GPS. For trapping
stations, we located the first trap on the small-mammal trap
line at a specified sampling point. We then arranged all other
traps relative to that point (fig. 5). We gave a unique location
identifier to the starting point of each small-mammal trap line
as well as each squirrel-sized and fox-sized trap. We recorded
coordinates from GPS positioning.

Temporal Sampling Scheme

We sampled at each park twice in 2004 except Acadia NP,
where we sampled only once. We divided sampling into win-
ter/spring and summer/fall periods (sampling sessions 1 and 2,
respectively). Because of time and manpower limitations and
the long distances between parks, we sampled at parks in a
manner that was most efficient for traveling. We also decided
to begin sampling at parks in the south, traveling north as win-
ter progressed into spring to avoid relatively difficult sampling
conditions in the northern part of the NETN. This decision
dictated when we conducted sampling in each project park and
we carried this routine through to the second sampling ses-
sion (table 3). We conducted IM sampling at all parks except
ACAD during both sampling sessions. We visited ACAD only
once during the first sampling session as a result of time and
budget constraints. We trapped during sampling session 2 at
all parks except ACAD and WEFA. We did not trap at ACAD
but trapped in both sessions at WEFA. Initially, we intended to
trap at all parks during session 1, but winter trapping proved
difficult and dangerous, yielding too few captures to make
trapping worthwhile. Trapping required an inordinate amount
of time to set up and run trap lines, and raised the possibility
of harm to both trapped animals and investigators. Therefore,
WEFA was the first and only park in which we trapped during
sessions 1 and 2.
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Figure 4. Design of indirect measure stations used to detect
mammals in the 2004 mammal inventory. (m, meters)

Indirect Measure Sampling

We arranged IM stations in a “+”-shaped array, with
a camera and infrared monitor (transmitter, receiver) at the
center, and two hair traps and two cubby boxes arranged 50 m
from the camera so that the cubby boxes and hair traps were
located opposite one another (fig. 4). We randomly placed IM
equipment relative to the major cardinal directions (N-S/E-W).
We arranged some IM arrays along the four ordinal direc-
tions (NE-SW/SE-NW) to keep equipment within the park
boundary and, as much as possible, to keep equipment within
the selected stratum type. We set up IM stations at the begin-
ning of each sampling session and left them operational for
2 weeks. We checked equipment every 2 to 3 days, though
longer periods between checks did occur as result of logistics
or weather. As necessary, we applied fresh bait and scent lure
each time we visited a station. We developed detailed proto-
cols for checking equipment (app. D).

Remote Cameras

We used either Trailmaster® active (TM 1500 or 1550)
or passive (TM 550) infrared monitors with cameras (Goodson
& Associates, Inc., Lenexa, Kan.). Active units have three
parts: an infrared transmitter that transmits a narrow infrared
beam, a receiver, and a camera. Motion is detected when an
animal breaks the narrow infrared beam. Passive units have
two parts: a transmitter/receiver that emits a wide infrared
beam and receives the reflected signal, and a camera. Motion
or change in the ambient temperature is detected over a wide
cone-shaped area in the same way that a motion-sensitive light
responds. In both types of systems, the camera is connected
to the receiver unit with wires and triggered according to

user-specified controls. A 5-minute delay was used to reduce
the occurrence of multiple photographs of the same animal.
Furthermore, we set cameras to take photos only between
dusk and dawn to limit photos of non-target species (for
example, birds).

We set cameras on level ground or, if systems were
mounted on sloped ground, we aimed the cameras perpendicu-
lar to the slope. Active units were very sensitive to problems
with alignment of the transmitter and receiver. Under these cir-
cumstances, we attempted to minimize elevation change along
the path of the infrared beam. Improper alignment resulted in
event errors and high counts (sometimes in the thousands) of
false events. We cleared vegetation from the surrounding areas
to reduce the number of false events caused by vegetation
movement and to increase the visibility of animals. We baited
cameras with chicken and commercial scent lure (Predator
500, Cronk’s Outdoor Supplies, Wiscasset, Maine) applied
to pieces of cotton cloth located near the bait. Appendix D
contains the full protocol for setting and checking the remote
cameras.

We used 24- or 36-exposure 35 mm color print film
having an ISO of 400 or 800 speed in all cameras. We
developed film as prints and obtained digital copies on CD.
We referenced photos by event ID in the project database.

Trackplates

We used Zielinski’s (1995) design for cubby boxes. We
constructed trackplates from 20- x 76-cm aluminum valley
flashing placed within the wooden frame with a single open-
ing. We made boxes (23 x 23 x 81 cm) from exterior-grade
plywood with the bottom and top pieces routed along the out-
side edge to hold the sides together easily. The entire structure
was held together by two lengths of rope. Cubby boxes were
collapsible for easy transportation. We placed boxes against a
solid object (such as a tree or rock) to limit access at one end
and covered the box with tree limbs to make the box rigid. We
applied these techniques to obscure the box against the physi-
cal background, hoping to make the device more appealing to
animals.

We covered trackplates with copier toner (Belant, 2003)
on two-thirds of the side nearest the entrance to the cubby
box. We cleaned trackplates with vinegar and then lightly
coated them with mineral oil periodically to improve adher-
ence of toner to the plates. We applied clear or white shelf
paper (30 x 23 cm) to the plate with the adhesive side up at
the closed end of the box, leaving some clean plate (~7.5 cm)
for the bait, either raw chicken or canned cat food (pierced
with a can opener). We also used dry cat food mixed with cod
liver and anchovy oils, which was secured in a wire mesh
pouch attached to the upper rear of the cubby box. We applied
Predator 500 lure to cloth stapled to the outside of the box.
Mammals accessing the bait transferred toner to the contact
sheet, leaving a positive impression. We changed sheets during
station checks if tracks were discovered. However, we did
not change trackplates if only mouse-sized tracks were found,



unless the tracks would have obscured future tracks of larger
animals. We collected all contact sheets with tracks (including
those with mouse tracks only) when equipment was removed.
We then placed contact sheets in acetate sheet protectors in the
field and archived them for later identification. Occasionally,
tracks were present only on the sooted portion of the plate,
leaving a negative impression. These tracks were photo-
graphed and then lifted onto clean contact sheets for archiving.
We identified tracks in the lab by measuring track width
and length, palm size and shape, presence of heel pads, and
general appearance (hairy, clean, pebbly, etc.) and recorded
this information for front and rear tracks (when both were
available). We identified tracks primarily using track descrip-
tions and dimensions provided by Elbroch (2003), but other
guide books and publications also proved helpful (Murie,
1974; Halfpenny and Biesiot, 1986; Taylor and Raphael, 1988;
Rezendes, 1995; Zielinski, 1995; Loukmas and others, 2001).

Hair Traps

We used the hair sampling device developed for Ameri-
can Marten (Martes americana) by Mowat and Paetkau
(2002). The trap consisted of two 2- x 14- x 60-cm pieces of
pine screwed together lengthwise along the edges to form
a roof (at approximately a 90-degree angle). The trap was
screwed to trees ~1.5 m from the ground, forming a triangular
passageway through which animals could access bait as they
passed through the trap. Catchmaster glue traps (AP&G Co.,
Brooklyn, N.Y.) cut to 1.5- x 5-cm strips were used to capture
hairs as the animal passed through the device. During the first
sampling session and the beginning of the second session, we
attached eight glue strips by thumbtack to the upper part of
the inside of the trap at one-third the distance (~20 cm) from
each edge. During the second sampling session, we attached
an additional eight glue strips to both the upper and lower
outside edges of the trap, increasing our ability to sample
animals that were unable or unwilling to access the interior of
the trap. We attached raw chicken to the tree at the mid portion
of the hair trap. We applied scent lure to pieces of cloth either
inside or above the trap. We checked glue strips for hairs dur-
ing each visit and replaced the glue strips if hairs were found
or if the glue strips were missing or rendered ineffective by
rain, insects, or other debris. We placed hair samples in bags
and labeled them with the location and station identifier. We
kept samples frozen for later analysis. Details of identification
methods are available in Appendix E.

Trapping

We used linear arrangements of 20 small-mammal traps
with 2 squirrel-sized live traps placed perpendicular to the
end of the small-mammal trap lines. At some stations, one
fox-sized live trap was also used (fig. 5). We arranged small-
mammal trap lines along the longest axis of the selected
community type (i.e., stratum) to make sure that as much of
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the trap line as possible was placed within the target commu-
nity. We recorded the orientation of trap lines (bearing from
trap 1 to 10), documented in station-description tables found
in the results section for each park. We set two 90-m-long
trap lines spaced 10 m apart with traps placed every 10 m. We
used one line of 10 Longworth-style “Little Critter” live traps
(Rogers Manufacturing Co., Peachland, British Columbia)
and one line of 10 Museum Special traps (Woodstream Corp.,
Lititz, Pa.). We set squirrel-sized 46- x 13- x 13-cm Havahart
live traps (Woodstream Corp., Lititz, Pa.) ~50 m from and
perpendicular to the beginning and ends of each trap line.
Initially, we set squirrel-sized traps in trees 2 m off the ground
to target flying squirrels (Risch and Brady, 1996), but had little
success using this approach. We then moved these traps to the
ground to increase our chances of capturing other species. We
baited small-mammal and squirrel-sized traps with a peanut
butter-suet-oat mixture bound with paraffin wax that was
developed for general mammal trapping (Calhoun, 1959). We
used synthetic batting in each small-mammal live trap during
colder months to provide nesting material. We used one large
107- x 38- x 38-cm fox-sized live trap (Tomahawk Live Trap
Co., Tomahawk, Wisc.) in each stratum to document larger
mammals like foxes or Fisher. We also set these traps perpen-
dicular to and ~50 m from one end of the small-mammal trap
line opposite one of the squirrel-sized traps (~100 m distant).
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Figure 5. Small-mammal trap lines and placement of squirrel-
sized and fox-sized live traps used in the 2004 mammal inventory
of national parks in the Northeast Temperate Network and
Sagamore Hill National Historic Site.
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Table 3. Temporal sampling scheme used in the mammal inventory at parks in the Northeast Temperate Network and Sagamore Hill

National Historic Site.

[NP, National Park; NHP, National Historical Park; NHS, National Historic Site; NA, not applicable]

Park name Sampling session 1 Sampling session 2
Acadia NP 4/5/2004 — 4/19/2004 NA
Marsh-Billings-Rockefeller NHP 3/11/2004 — 3/26/2004 10/12/2004 — 10/26/2004
Minute Man NHP 2/22/2004 — 3/8/2004 7/19/2004 — 8/2/2004
Morristown NHP 2/3/2004 — 2/20/2004 6/21/2004 - 7/7/2004

Roosevelt-Vanderbilt NHS
Saint-Gaudens NHS
Sagamore Hill NHS
Saugus Iron Works NHS
Saratoga NHP

Weir Farm NHS

2/7/2004 — 2/23/2004
3/9/2004 — 3/25/2004
4/28/2004 — 5/12/2004
2/26/2004 — 3/10/2004
3/29/2004 — 4/14/2004
1/20/2004 — 2/7/2004

8/2/2004 — 8/18/2004
9/27/2004 — 10/22/2004
11/16/2004 — 11/22/2004

9/20/2004 — 10/4/2004
11/1/2004 — 11/22/2004
6/7/2004 — 6/22/2004

We baited each of these large traps with raw chicken and
Predator 500 lure.

We did not attempt to fully document species like moles
or shrews by using devices like Victor or pitfall traps that
are generally regarded as the preferred methods to capture or
detect these species. Moles burrow underground and require
trapping devices that accommodate this trait. Also, we did not
have sufficient resources to purchase the necessary equipment
and devote the time required to locate and capture moles.
Instead, we used incidental observations to document these
mammals. We originally intended to set pitfall traps because
they are the preferred device to capture shrews (Williams
and Braun, 1983; Bury and Corn, 1987; Kalko and Handley,
1993), but we were unable to obtain the necessary permission
from regional cultural resource program managers to use these
traps. The omission of pitfalls from this study likely resulted
in an under-sampling of shrews, thereby reducing species
diversity estimates. We note, however, that several shrew
species probably occur in each project park based on known
ranges and historic documentation (Whitaker and Hamilton,
1998).

We checked and set traps daily. Initial trap setup usu-
ally required several days, resulting in a staggered sampling
scheme in most project parks. When possible, we removed
traps in a staggered, reverse fashion to allow traps to remain
in the field the same amount of time—usually 5 trap nights.
We collected physical measurements (total length, tail length,
and hind foot length) and weight of small mammals caught in
Longworth traps and recorded a general physical description.
We recorded sex and sexual maturity when these were appar-
ent. We marked all small mammal captures with fingernail
polish on the head between the ears to identify recaptures. We
collected voucher specimens when we caught individuals in
Museum Special traps and froze them for later preparation as
study skins. We marked larger mammals with spray paint, and
took photographs. We released all captured animals as quickly
as possible and at the point of capture to minimize stress.

Observation Cards

Prior to beginning field work, we developed observa-
tion cards (app. F) for reporting mammal observations. We
designed these cards to be carried in the field by NPS person-
nel and include pertinent information to make an accurate
identification (for example, observer, date, time, location). We
distributed cards to park staff at the beginning of the project
and we asked all personnel assisting on the project to record
observations when possible. We also encouraged personnel to
record observations of indirect evidence like tracks and scat.
We collected cards at the end of the second sampling session
and these data are included in the summary results for each
park.

Historical Voucher Specimen Records

Historical species lists (>10 years old) were compiled
from voucher specimen data (O’Connell and others, 2004)
and allow for historical comparisons of biodiversity. We did
not survey for marine mammals or bats; however, we include
documentation of these species in this report from the histori-
cal voucher specimens and related records.

Data Collection

We recorded data in the field using weather-resistant
handheld computer devices (SPT 1700, Symbol Technologies,
Inc., Oakland, Cal.) and used Pendragon Forms 3.2 software
(Pendragon Forms Software Corp., Libertyville, I11.) to create
and manage forms for data collection. This software allowed
multiple users to collect data and synchronize information to
a single database. We created multiple data sheets consisting
of equipment check logs (for example, camera check log) and
identification (event) data sheets where identification of tracks
or observations were recorded. We linked all events (either



check logs or event data) to a location with a unique location
identifier consistent with NPSpecies data requirements
(National Park Service, 2002). The location database describes
locations and provides point coordinates (Universal Transverse
Mercator, North American Datum 1983). We provided field
data sheets to park staff for data collection when they checked
IM stations (app. G). We added these data to the database,
from which a Microsoft Access 2002 database was created

and populated.

Data Analyses

We calculated naive estimates of station occupancy and
detection rates for each of the species documented by means
of IM sampling. We determined which strata were occupied by
each species by calculating the proportion of stations occu-
pied. For stations with IM arrays, species detection rates were
calculated by dividing the total number of individual species
detections for all checks at a station by the number of checks
made at that station. Mean rate of detection for each species
over all stations included those stations where the species was
not detected (detection rate = 0).

For trapping stations, we calculated the total number of
individuals captured and the rate at which they were captured.
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We also calculated naive estimates of station occupancy. We
calculated the mean rate of new captures (number of new cap-
tures per night) for all trapping stations, including those with
no detections. These results provide an index of occurrence for
each species based on the number of days sampled but cannot
be used to track changes in the target populations over time or
space (Pollock and others, 2002).

Hair traps yielded a substantial number of samples. How-
ever, observation of gross morphological features for making
species identifications is not an entirely objective process.
Because we could not be certain of our identifications, we
elected not to include these data in the analytical results sec-
tions for each park and have placed these results in appendix
H. In addition, a companion research project (Talancy, 2005)
on carnivores was conducted simultaneously with this survey
and used an additional, more objective technique to validate
species identification from hair. This technique identified spe-
cies by analyzing the unique composition of peptides in hair
proteins using matrix-assisted laser desorption/ionization time-
of-flight mass spectrometry (MALDI-TOF) (Hollemeyer and
others, 2002). Details of these results can be found in Talancy
(2005) and identifications made by this method are also shown
in appendix H.
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Weir Farm National Historic Site
(WEFA)

Background

Weir Farm National Historic Site (WEFA) is a small
suburban park dedicated to the American Impressionist work
of J. Alden Weir, sculptor Mahonri Young, and painter Sperry
Andrews. The park is located in south-central Connecticut
between the towns of Wilton and Ridgefield. The farm is
designed around Weir’s home, studios, and grounds and is
typical of an old New England homestead with woods, fields,
a small pond, and outbuildings. The park, although small
(30 ha), is bordered by several other protected areas. A 45-ha
preserve owned by the Nature Conservancy — Weir Nature
Preserve (The Nature Conservancy, 2005) borders WEFA on
the southwest and town land borders the park on the eastern
boundary. Paths through WEFA allow visitors access to the
fields, forest, and pond. The majority of parkland (18 ha) is
dominated by central hardwood forest typical of southern
New England and 6 ha of fields (Mitchell and others, 2006). A
single small pond once used for ice and recreation by the Weir
family provides community type for aquatic mammals like
Muskrat (Ondatra zibethica) and feeds the small stream that
runs through the park.

Prior Investigations

We are not aware of any prior work on mammals that has
been conducted at Weir Farm or the surrounding area.

Sampling Stations

We conducted IM sampling and trapping in January and
June of 2004. We selected 16 sampling points in four commu-
nity types for sampling (8 IM and 8 trap) (table 4, fig. 6).

Survey Results

We detected 16 species at WEFA: 9 during indirect
measure sampling, 10 during trapping, and 7 by observation,
excluding 2 individuals not identified to the species level
(table 5). This is only 33 percent of the potential mammals that
could occur at WEFA, excluding bats (N=49, table 1). Mea-
sured diversity of mammals at WEFA was low, which may
reflect either the small size of the park (O’Connell and others,
2004), other landscape scale factors such as fragmentation
(Rosenblatt and others, 1999; Talancy, 2005) and urbanization
(Crooks, 2002), and (or) an artifact of limited sampling during
this study. The Domestic Cat (Felis silvestris) and Raccoon
(Procyon lotor) were the most commonly detected medium-
sized mammals during the winter (sampling session 1) at
WEFA, although detection rates were low overall (table 6).
Virginia Opossum (Didelphis virginiana) and Raccoon were
the most commonly detected medium-sized mammals during
sampling session 2 in the summer (table 6).

White-footed Mouse (Peromyscus leucopus) was the
most commonly detected small mammal, followed by the Deer
Mouse (Peromyscus maniculatus) (tables 7-8). The Northern
Short-tailed Shrew (Blarina brevicauda), detected commonly
in other parks, was captured only twice. Based on the natural
history of this species and available community types, we
expect that this species was more common than our detections
would indicate. A Woodland Vole (Microtus pinetorum) was



detected once and may be rare within WEFA (Whitaker and
Hamilton, 1998).

We detected mammals more frequently in the sum-
mer (session 2) than in the winter (session 1) (table 6). We
detected Coyotes (Canis latrans) only in winter, whereas the
Eastern Chipmunk (7amias striatus), Striped Skunk (Mephitis
mephitis), Virginia Opossum, and Woodchuck (Marmota
monax) were detected only in summer. The four species
detected only in summer spend much of the winter in dens,
especially during colder periods. The winter sampling period
at WEFA was very cold with >25 cm of snow on the ground,
which may have limited movement of many species. Several
species (Virginia Opossum, Raccoon, White-footed Mouse)
were found in all community types, whereas Striped Skunk

Table 4. Indirect measure (IM) and trap station numbers,
community type, GPS locations of the camera at IM stations and
the start of the Longworth trap line, orientation of IM stations, and
bearing of trap lines used in the 2004 mammal inventory at Weir
Farm National Historic Site.

Station Station Community UTM Xe Orientation/

UTM Y

number  type type bearing®
1 M riparian 629584 4568544 N-S
2 Trap riparian 629626 4568582 25°
3 M riparian 629688 4568893 E-W
5 Trap riparian 629529 4568453 50°
7 Trap wetland 629372 4568332 156°

9 ™M wetland 629187 4568554 NE-SW
11 Trap wetland 629487 4568576 200°
13 M wetland 629416 4568474 E-W
15 M field 629280 4568384 E-W
19 Trap field 629187 4568344 140°
23 Trap field 629283 4568454 200°
27 ™M field 629326 4568267 N-S

35 ™M deciduous 629619 4568751 NE-SW¢
39 Trap  deciduous 629677 4569228 330°
40 M deciduous 629630 4569281 N-S
43 Trap  deciduous 629237 4568481 340°

2 Universal Transverse Mercator Zone 18; datum, North American Datum
1983; units, meters.

® The orientation of the trackplates relative to the cameras in the IM station
or the bearing of the trap lines.

¢ Due to boundary constraints, this station was arranged with the two hair
traps in line with the NE trackplate instead of the camera.
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and Domestic Cat were detected in all but the riparian commu-
nity type (table 5). Most other species were detected in at least
two different community types (table 5).

There was no clear relationship between vegetation com-
munities sampled and the number of detections of or diversity
of mammals (fig. 7). This is not surprising because WEFA is
dominated by deciduous forest with small patches of wetland
evenly dispersed throughout the park, resulting in a more or
less homogeneous landscape, with the exception of fields
around the visitor center and home. Fields were the only com-
munity type in which we detected White-tailed Deer, Coyotes,
and Woodland Vole, although Coyotes and deer are probably
found throughout the park. Coyotes may use altered open
areas such as fields for hunting and ease of travel, but also
make use of wooded areas and even residential areas in subur-
ban environments (Way and others, 2004). White-tailed Deer
use a wide variety of habitats (Whitaker and Hamilton, 1998),
and their tracks were evident throughout WEFA. Woodland
Voles use a wide range of communities, including deciduous
woodlands and fields (Whitaker and Hamilton, 1998). How-
ever, as noted, we captured only one individual of this species
near the edge of a field, and this is not enough information to
draw any conclusions about use of community types.

Species Expected but Not Detected

Several species of shrews (Sorex spp.) may occur in the
park. Masked Shrew (S. cinereus), Smoky Shrew (S. fumeus),
and Water Shrew (S. palustris) all have ranges that overlap
park boundaries (Godin, 1977; Whitaker and Hamilton, 1998).
The Masked Shrew makes use of a wide variety of habitats
(Whitaker and Hamilton, 1998) including those found at
WEFA. Many specimens have been collected in Fairfield
County, and two found in the town of Wilton (Godin, 1977)
indicate a very high likelihood that this species occurs on NPS
land. The Smoky Shrew prefers shaded, damp woods, which
occur along the inlet and outlet to Weir Pond. Specimens have
been collected in Wilton and other towns in Fairfield County
(Godin, 1977). Water shrews, as the name implies, are semi-
aquatic, and they prefer wetlands along streams, lakes, and
ponds (Godin, 1977; Whitaker and Hamilton, 1998). The areas
around Weir Pond and adjacent streams as well as wetlands
along the western edge of the park may provide suitable habi-
tat for this species.

We did not detect any moles at WEFA. These animals are
primarily fossorial, preferring to tunnel underground for food,
although the Star-nosed Mole (Condylura cristata) also makes
use of wet areas such as meadows, swamps, and streams to
feed (Whitaker and Hamilton, 1998). They are not routinely
captured in small-mammal traps, and we did not expect to
detect them in this study unless we observed them directly or
found evidence of the mounded tunnels they create in the soil.
We expect that both Eastern (Scalopus aquaticus) and Star-
nosed Moles occur at WEFA because voucher specimens have
been recorded for both species (table 9).



18 An Inventory of Terrestrial Mammals in the Northeast Temperate Network and Sagamore Hill National Historic Site

73°27'45" 73°27'30" 73°27'15" 73°21
T T T

Weir Farm NHS

[ | Buildings, parking, roads
[ ] Field

[ ] Riparian

[ ] Openwater

Wetland

[ ] Deciduous

— Park boundary

41°15'45" —

Active infrared camera

Passive infrared camera
Small-mammal trap
Squirrel trap

Tomahawk trap

© ¢ X 0 Iy Iy

Station number

41°15'30" —

0.3 MILE
|

T
0.4 KILOMETER

41°15"15" —

1 |

Figure 6. Locations of remote cameras and other detection devices, trapping equipment, and orientation of small-mammal trap lines
used in the 2004 mammal inventory at Weir Farm National Historic Site. (Two trackplates and two hair traps were arranged about

50 meters from each camera location. Two small-mammal trap lines (10 Longworth and 10 Museum special traps spaced 10 meters
between traps) were set parallel to each other 10 meters apart and oriented as shown (pink lines). Two squirrel-sized live traps and, at
some stations, a single fox-sized live trap completed each trapping station. Station numbers are provided for sampling arrays.)
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Table 5. Community type associations of mammals detected at Weir Farm National Historic Site by indirect measure sampling,
trapping, and observation.

[Community type associations are based on vegetation community descriptions of each sampling location. C, camera; TP, trackplate; TR, trapping; X, species
observed for which we have records; -, not detected]

Community type

Species detected - - — Observed
Deciduous Field Riparian Wetland
Virginia Opossum C,TP, TR TP C, TP C, TP -
Northern Short-tailed Shrew TR - TR - -
Shrew spp. - - - TP -
Gray Squirrel TR - - - -
Eastern Chipmunk TP - TR - -
Woodchuck TP - - - X
Deer Mouse - - TR TR -
White-footed Mouse TR TR TR TR -
Woodland Vole - TR - - X
White-footed or Deer Mouse TR - TR TR -
Mouse/Vole spp. TP TP TP - X
Beaver - - - - X
Coyote - C - - -
Red Fox - - - - X
Canid spp. - - - - X
Raccoon C,TP,TR TP C, TP C, TR, TP -
Mink - - - - X
Striped Skunk C, TP C,TR - C X
Domestic Cat TP, TR TP - C, TP -
White-tailed Deer - C - - X
Total species detected® 9 8 6 7 7

# Totals exclude generic counts unless no other species in that group were detected (for example, Shrew spp. would be counted if no other specific shrew was
detected).

Table 6. Mammal species detection rates and site occupancy at eight indirect measure stations at Weir Farm National Historic Site
during two sampling sessions in 2004.

[-, species not detected]

Session 1 Session 2
. (1/20/2004 — 2/7/2004) (6/7/2004 — 6/22/2004)
Species detected Number of stations Number of stations

Mean detection rate (SE)? Mean detection rate (SE)?

occupied (proportion) occupied (proportion)

Virginia Opossum - - 7 (0.88) 2.69 (0.70)
Shrew spp. 1(0.12) 0.02 (0.02) - -

Eastern Chipmunk - - 1(0.12) 0.02 (0.02)
Woodchuck - - 1(0.12) 0.02 (0.02)
Mouse/Vole spp. 3(0.38) 0.11 (0.06) 1(0.12) 0.02 (0.02)
Mouse/Vole/Shrew spp. 1(0.12) 0.04 (0.04) - -

Coyote 1(0.12) 0.02 (0.02) - -

Raccoon 3(0.38) 0.11 (0.06) 8 (1.00) 1.35(0.27)
Striped Skunk - - 5(0.62) 0.15 (0.06)
Domestic Cat 4 (0.50) 0.11 (0.05) 2 (0.25) 0.23 (0.19)
White-tailed Deer 1(0.12) 0.02 (0.02) 1(0.12) 0.02 (0.02)

* The mean rate of detection and standard error over all stations, including those stations where the species was not detected (detection rate = 0). Species
detection rates were calculated for each station by dividing the total number of individual species detections for all checks at a station (camera and trackplate
only) by the number of checks made at that station. SE, the standard error of this mean.
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Table 7.
Historic Site during sampling session 1 (1/20/2004-2/7/2004).

Mammal capture rates and site occupancy for eight trapping stations (four with fox-sized live traps) at Weir Farm National

Number of new

Number of stations occupied

Mean rate of new individuals

Species detected captures (proportion)? captured (SE)®
Gray Squirrel 1 1(0.12) 0.02 (0.02)
White-footed Mouse 1 1(0.12) 0.03 (0.03)
Deer or White-footed Mouse 2 1(0.12) 0.05 (0.05)
Domestic Cat 1 1(0.25) 0.05 (0.05)

* Small-mammal and squirrel-sized live traps were placed at all 8 stations whereas fox-sized live traps were set at only 4; therefore, the number of stations at
which medium-sized mammals (Domestic Cat) could be captured was reduced to 4 for individual species for each night of sampling.

b Rates were calculated for each station by dividing the total number of new individuals captured (per species) by the number of nights that traps were

operational. SE, standard error of the mean.

Table 8.
Historic Site during sampling session 2 (6/7/2004-6/22/2004).

Mammal capture rates and site occupancy for eight trapping stations (four with fox-sized live traps) at Weir Farm National

Number of new

Number of stations occupied

Mean rate of new individuals captured

Species detected captures (proportion)? (SE)
Virginia Opossum 3 2 (0.50) 0.11 (0.07)
Northern Short-tailed Shrew 2 2(0.25) 0.04 (0.02)
Eastern Chipmunk 1 1(0.12) 0.02 (0.02)
Deer Mouse 3 3(0.38) 0.05 (0.03)
White-footed Mouse 20 6 (0.75) 0.36 (0.11)
Deer or White-footed Mouse 9 5(0.62) 0.16 (0.05)
Woodland Vole 1 1(0.12) 0.02 (0.02)
Raccoon 3 2 (0.50) 0.11 (0.07)
Striped Skunk 1 1(0.25) 0.04 (0.04)

* Small-mammal and squirrel-sized live traps were placed at all 8 stations whereas fox-sized live traps were set at only 4; therefore, the number of stations at
which medium-sized mammals (Domestic Cat, Raccoon) could be captured was reduced to 4 for individual species for each night of sampling.

b Rates were calculated for each station by dividing the total number of new individuals captured (per species) by the number of nights that traps were

operational. SE, standard error of the mean.

We did not capture Meadow Voles despite the availability
of seemingly adequate habitat. Populations of this species are
cyclical (Ostfeld and Canham, 1995, and references therein),
and we may have sampled during a low population level. The
occurrence of this species within the county has been docu-
mented previously (table 9) and indicates that it may occur in
the fields around the Weir studio and visitor center.

The Southern Flying Squirrel (Glaucomys volans) can
occur in a variety of forest types but their range is limited by
mast-producing species such as oaks and hickories (Weigl,
1978; Whitaker and Hamilton, 1998) and they are known
to require a mature forest component (Taulman and Smith,
2004; Holloway and Malcolm, 2007). Although we did not
detect this species during this inventory, a voucher specimen
is available from Fairfield County (table 9), and because of the
amount of suitable forested land within WEFA, and on adja-
cent Nature Conservancy and undeveloped town properties,
we believe that this squirrel species does occur locally.

We did not detect Gray Fox (Urocyon cinereoargenteus),
but believe that this canid can occur in WEFA and the sur-
rounding area. This predator is native to New England (Godin,
1977) and was detected in other parks in this inventory in
southern New England and New York. We found voucher
specimens from Fairfield County (table 9), which indicates
that this species occurred historically in the area. However,
the increasing numbers of Coyotes in the region may have
displaced this species as a result of competitive exclusion
(Fedriani and others, 2000).

We did not detect the Long-tailed Weasel (Mustela fre-
nata), despite records of occurrence in the county (table 9) and
widespread distribution across Eastern North America. Voles
are a major prey source for this weasel (Whitaker and Ham-
ilton, 1998), and a low vole population may have suppressed
the population of this predator. Furthermore, Long-tailed
Weasels range widely over as much as 10 to 20 ha (Whitaker
and Hamilton, 1998), indicating that few individuals are likely
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Figure 7. Species diversity results for trapping and indirect measure sampling stations during the 2004 mammal inventory at Weir
Farm National Historic Site.
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to occur within park boundaries as a result of the WEFA’s
small size. Short-tailed Weasel (Ermine, M. erminea) also
may occur here, but its presence is much less likely because
this species is at the southern edge of its range (Whitaker and
Hamilton, 1998).

Endangered and Threatened Species

We did not detect any species that were state or federally
threatened or endangered, and in fact, all species detected are
locally or regionally abundant. The State of Connecticut lists
only the Least Shrew (Cryptotis parva) as endangered, with
no mammals listed as threatened (Connecticut Department of
Environmental Protection, 2004a). The Least Shrew is thought
to occur in southwestern Connecticut; but few specimens have
been documented; the last was reported in 1989 in Middlesex
County. Godin (1977) noted a specimen collected in Fairfield
County from the town of Darien. The likelihood that the Least
Shrew occurs in the park is low.

The New England Cottontail (Sylvilagus transitionalis)
was not detected in this study, and the State of Connecticut
has considered listing this species as threatened or endan-
gered (Connecticut Department of Environmental Protection,

Table 9.

2004b). The Federal government was petitioned to list the
species as federally threatened or endangered, and the listing
status was recently updated to level two for final determina-
tion on the proposed listing (CFR 50-17; 06:53756-53835).
The species prefers dense, shrubby habitat (Whitaker and
Hamilton, 1998; Litvaitis and others, 2003), including that
formed by Mountain Laurel (Kalmia latifolia) (Connecticut
Department of Environmental Protection, 2004b). Some
small, dense stands of Mountain Laurel occur in the park,
but these areas may not be large enough to accommodate
this species, which has a mean home range size of 3.7 hect-
ares (Connecticut Department of Environmental Protection,
2004b). The historic range of the New England Cottontail
included all of Connecticut (Litvaitis and others, 2003), and
recent work has documented the occurrence of this species
in the southwestern part of the state, including the towns of
Newtown and Sherman in Fairfield County (Kilpatrick, 2005).
The New England Cottontail may occur in the park, but it is
difficult to distinguish this species from the physically similar
Eastern Cottontail (S. floridanus). Correct species identifi-
cation requires DNA analysis from tissue or fecal material
or examination of skull structure (U.S. Fish and Wildlife
Service, 2005b).

Number of mammal specimens in museum collections and their proximity to Weir Farm National Historic Site.

[Proximity-to-park codes: 1, collected within park boundaries; 2, collected in the to